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Type

#Ca(pol v,y),(y,y") 20111501

History
Author

Citation Literature Cutoff Date

Full Evaluation

Jun Chen, Balraj Singh and John A. Cameron

NDS 112, 2357 (2011) 31-Jul-2011

2011Is01: Two experiments: the first one performed at the Darmstadt High Intensity Photon Setup (DHIPS) with the E=6.3 and 9.9
MeV polarized photons produced via bremsstrahlung by stopping completely the intense electron beam from the injector of the
electron accelerator S-DALINAC in a thick copper radiator. HPGe detectors at 90° and 130° for detecting y-rays with BGO
Compton-surpression shields. Targets of 97.1% enriched CaOs3; the second performed at the High Intensity y-ray Source (HIyS)
facility at Duke University with the polarized photon beam produced via intercavity laser Compton backscattering (LCB) of a
free-electron laser (FEL) beam with relativistic electrons in a storage ring. Four HPGe clover detectors for detecting y-rays. Target
of 95.8 enriched CaO3. Measured Ey, Iy, y polarization asymmetry. Deduced levels, J, 7, y-widths, transition strengths.

1986Be30: E=4-7 MeV y-rays produced by the V(n,y) reaction. Target of 4.86 g/cm? natural Ca. A 40 cm’ Ge(Li) detector for
detecting scattered y-rays. Measured Ey, Iy, y(6), y(pol). Deduced levels, J*, widths, y-branchings, mixing ratio.

2004Ha51: E=9.9 MeV vy-rays source produced at the nuclear resonance fluorescence (NRF) setup at the Darmstadt
superconducting electron linear accelerator S-DALINAC. Measured Ey, I'y. Deduced electric dipole strength distribution, pygmy
dipole resonance features.

Other: 2007K105.

All data above 3301 keV level (except 5210 keV level) is from 2011Is01; others including 5210 keV level are from 1986Be30,
unless otherwise noted.

E(level)

0
1157.06 16
1883.49 15
2656.7 5
3301.1 6
3307.8 3
3661.50 15
3691.7 4
4196.3 3
4649.46 10
4848.39 20
4865.9 3

5161.0 3
5210.0 5

5611.6 3
5800.61 20
5806.31 10
5875.82 20
5911.13 20
6082.8 5
6136.6 3
6245.5 3
6422.12 10
6446.6 8
6507.1 5
6675.44 20
6960.7 6
6972.14 19

i

o+#

T2

44Ca Levels

Comments

8.3 fs
66 fs
44 fs
11 fs
24 fs
6.2 fs
3.7 fs
0.228 eV 40

2.1 fs
16 fs
33 fs
6 fs
2.7 fs
3 fs
1.8 fs
12 fs
0.3 fs
8.4 fs
4.8 fs
6.5 fs
8 fs
0.7 fs

B(E1)7=3.16x107° 76; B(M1)1=0.29 7
B(E1)71=0.57x107° 21; B(M1)1=0.05 2
B(E1)7=0.58x107> 12; B(M1)1=0.05 /
B(EDT=1.77x107% 32; BAM1)1=0.16 3
B(E1)1=0.68x107> 15; B(M1)7=0.06 I
B(E)1=1.47x107 41; BAM1)1=0.13 4
B(E1)1=3.71x107° 41; B(M1)1=0.34 4
BM1)7=0.15 6 (1986Be30)

J*: from y(6) and y(pol) in 1986Be30.
Tyj2: from I' (1986Be30).
B(EDT=1.67x107% 32; BAM1)1=0.15 3
B(E)1=0.59%x107> 17; B(M1)1=0.05 2
B(E)T=2.90x107> 36; B(M1)71=0.26 3
B(E1)T=1.55x1075 27; B(M1)1=0.65 9
B(E1)7=3.35x107° 82; B(M1)1=0.30 7
BM1)1=0.13 5

B(E)T=3.03x107° 65
B(E1)7=0.62x107> [4; B(M1)1=0.06 /
B(E1)T=21.6x107> 32

B(M1)7=0.05 2

B(ED)1=1.43x107 31; BAM1)1=0.13 3
B(E1)1=0.98x107° 17; B(M1)1=0.09 2
B(E1)7=0.70x107> 13; B(M1)1=0.06 /
B(E1)T=2.81x107° 47; B(M1)T=1.17 20
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E(level)T

7065.9 9
7226.0 3
7275.1 9
7403.0 8
7572.0 5
7578.9 3
7662.1 6
7783.3 10
7808.9 16
7828.8 12
78347 8
7953.1 5
8070.2 7
8086.0 7
8321.5 16
8395.3 4
8405.4 17
8556.7 8
8615.2 12
8802 3
8828.0 11
8851.57
8908.8 7
9024.1 20
9148.4 24
92735 8
9317.2 10
9664.9 7
9814.1 11
9898.2 10

#ca(pol y,7),(y,y")

2011Is01 (continued)

44Ca Levels (continued)

Comments

J”i Tl/Z@
1 39 fs
1 4.1 fs
1 2.7 fs
1 5.4 fs
1" 3.8 fs
1~ 0.7 fs
1~ 6.7 fs
1~ 6.1 fs
1- 11.6 fs
1 8.9 fs
1- 4.4 fs
1 2.4 fs
1 3.1fs
1 3.1fs
1 13.7 fs
1 2.4 fs
1 0.6 fs
1~ 34 fs
1~ 33 fs
1~ 16 fs
1.1 fs
1~ 1.0 fs
1~ 0.5 fs
-
-
1~ 1.51s

-
-
-
-

B(E1)1=1.38x1075 24; B(MM1)1=0.13 2
B(E1)1=1.22x1075 27; BM1)1=0.11 2
B(E1)1=1.82x1075 30; B(M1)1=0.17 3
B(E1)T=0.87x10"° 16; B(M1)1=0.08 2
B(M1)1=0.10 2

B(E1)1=5.90x107> 75
B(E1)1=0.62x107> 19
B(E1)1=0.66x107> 20
B(E1)1=0.34x107> 11
B(E1)1=0.44x10"° 15; B(M1)1=0.04 [
B(E1)T=0.89x107> 21
B(E1)1=0.78x1075 26; B(M1)1=0.07 2
B(E1)1=1.15x1075 27; B(MM1)1=0.10 2
B(E1)1=1.17x1075 21; BM1)1=0.11 2
B(E1)1=0.24x107> 17; B(M1)71=0.02 /
B(ED)T=1.35x10"° 32; B(M1)1=0.12 3
B(E1)1=5.26x10"° 77; BAM1)1=0.48 7
B(E1)1=0.88x107> 36
B(E1)1=0.88x107> 27
B(EDT=0.17x107> 9
B(EDT=1.13x107° 62
B(E1)1=2.27x107° 66
B(E1)1=5.57x107° 93

B(E1)1=3.62x1075 81

 From a least-squares fit to Ey data.
* From y polarization asymmetry, unless otherwise noted.
# From Adopted Levels.

@ Deduced from I’y by evaluators. I, is assumed to be the total width for levels with the only transition to ground state

(20111Is01), unless otherwise noted.

E;(level)

1157.06
1883.49
2656.7

3301.1

3661.50

y(**Ca)
J;T E, L, Ef J? Comments
2t 1157 0 0f
ot 726" 1157.06 2+
2+ 14997 1157.06 2+
26561 0 0*
2t 2144 1157.06 2+
3301 0 0*
1 353.6725  03%2 33078 37 TI,=0.0002 ¢V 1.
1005.0 9 048% 26567 2* T,=0.00026 eV 7.
177797320 34.8% 8 1883.49 0* T,=0.0188 eV 46.
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E;(level)

3661.50

3691.7
4196.3
4649.46
4848.39
4865.9

5161.0
5210.0

5611.6

5800.61
5806.31
5875.82
5911.13
6082.8

6136.6

6245.5
6422.12

6446.6

6507.1
6675.44
6960.7
6972.14

7065.9
7226.0
7275.1
7403.0
7572.0

1-

-

1+

#ca(pol y,7),(y,y")

2011Is01 (continued)

7(44Ca) (continued)

E, I, Ef J’; Mult. o Comments
2504.39 6 10.7% 9 1157.06 2% I',=0.0058 eV I5.
3661.3 2 100.0% 19 0 0* I,=0.054 eV 13.
3691.5 4 100 0 0* I,=0.010 eV 4.
4196.1 3 100 0 0* I,=0.015eV 3.
4649.2 1 100 0 0f I,=0.062 eV I1.
4848.1 2 100 0 0* I,=0.027 eV 6.
2082.3 3 79 27 1883.49 0% I,=0.047 eV 21.
4865.7 4 100 27 0 0* I,=0.059 eV 1I6.
5160.7 3 100 0 0t I,=0.178 eV I9.
1909 33 15 3301.1 2%

2553 44 2656.7 2%
3326 80 2 1883.49 0t Ml Ar=+0.43 10.
4053 652 1157.06 2t MI+E2 +027 8 A,=-0.114.
I'(E2)=0.0038 eV (1986Be30) which corresponds
to B(E2)(])=4.2 e*fm* 8 or B(E2)()=0.00042
8 e?b?.
5210 100 1 0 0t Ml Ar=+0.47 4. Pol(N(parallel)/N(perpendicular))=
0.84 13.
4454.1 8 100 21 1157.06 2* I,=022eV /1.
5611.2 3 47 21 0 0* I,=0.103 eV 20.
5800.2 2 100 0 0t I,=0.040 eV 12.
5805.9 1 100 0 0* I,=0.198 eV 25.
5875.4 2 100 0 0t I,=0.110 eV I5.
5910.7 2 100 0 0* I,=0.241 eV 59.
4199.5 5 62 12 1883.49 0% pol=1.16 30.
I,=0.068 eV 22.
49253 8 417 1157.06 2* pol=0.06 17.
I,=0.045 eV I5.
6080.1 14 100 7 0 0t pol=0.88 7.
I,=0.109 eV 29.
4978.5 5 46 7 1157.06 2* pol=—0.05 8.
I,=0.113 eV 29.
6136.4 3 100 5 0 0t pol=—0.83 3.
I,=0.245 eV 39.
6245.0 3 100 0 0t I,=0.053 eV 12.
45399 7 527 1883.49 0% pol=—1.24 25.
I,=0.104 eV I8.
5263.8 7 557 1157.06 2% pol=—0.14 7.
I,=0.110 eV I8.
6421.6 1 100 1 0 0* pol=—0.89 1.
Ir,=1.99eV 2I.
5288.0 17 50 14 1157.06 2% pol=0.08 37.
I,=0.026 eV /0.
6446.3 8 100 10 0 0* pol=0.75 22.
I,=0.052 eV 4.
6506.6 5 100 0 0* I,=0.137 eV 30.
6674.9 2 100 0 0t I,=0.102 eV I7.
6960.1 6 100 0 0* I,=0.082 eV 16.
5815.0 5 100 715 1157.06 2* I,=0.64 eV 21.
6971.5 2 5215 0 0* I,=0.332 eV 56.
7065.3 9 100 0 0t I,=0.170 eV 29.
72254 3 100 0 0* I,=0.161 eV 27.
7274.5 9 100 0 0t I,=0.245 eV 40.
7402.3 8 100 0 0* I,=0.123 eV 23.
7571.3 5 100 0 0t I,=0.173 eV 39.
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E;(level)
7578.9

7662.1

7783.3

7808.9

7828.8
7834.7

7953.1
8070.2
8086.0
8321.5
8395.3
8405.4
8556.7
8615.2
8802

8828.0

8851.5

8908.8

9024.1
9148.4
9273.5

9317.2
9664.9

9814.1
9898.2

E
-

1-
1-
1-
1-
1-
1-
1-
1-

#ca(pol y,7),(y,y")

2011Is01 (continued)

E, L Ey
7578.2 3 100 0
7661.4 6 100 0
7782.6 10 100 0
7808.2 16 100 0
7828.1 12 100 0
7834.0 8 100 0
5293.8 14 100 2656.7
7952.6 5 100 0
8069.4 7 100 0
8085.2 7 100 0
8320.7 16 100 0
8394.4 4 100 0
8404.5 17 100 0
8555.8 8 100 0
8614.3 12 100 0
8800.9 29 100 0
6944.6 18 100 14 1883.49
8826.6 14 89 23 0
7692.9 18 19 8 1157.06
8850.7 7 100 6 0
8907.8 7 100 0
9023.1 20 100 0
9147.4 24 100 0
9272.5 8 100 0
9316.1 10 100 0
8508.5 33 17 8 1157.06
9663.7 7 100 6 0
9812.9 11 100 0
9897.0 10 100 0

T Rounded-off value from Adopted Gammas.

¥ From Adopted Gammas.

7(44Ca) (continued)

Comments

pol=-0.65 2.
,=0.90eV 11.
pol=-0.85 70.

I',=0.098 eV 30.

pol=-0.74 14.

,=0.108 eV 33.

pol=—1.00 /3.

I,=0.057 eV I8.
T,=0.074 eV 24.

pol=—1.11 7.

I,=0.150 eV 35.
T,=0.136 eV 65.
T,=0.136 eV 45.
T,=0.210 eV 39.
I,=0.215 eV 39.
T,=0.048 eV 21.
T,=0.278 eV 65.

[y=1.09 eV 6.
pol=-0.97 4.

I,=0.193 eV 79.

pol=-0.87 6.

I,=0.197 eV 60.

pol=—1.34 81.

T,=0.041 eV 22.

pol=—1.24 20.
=031 eV /4.
pol=—1.40 I8.
=027 eV 11.
pol=—0.79 29.

I,=0.105 eV 49.

pol=-0.98 4.
I,=0.55¢eV I2.
pol=-0.93 4.
I,=1.37¢eV 23.
pol=-1.05 22.
pol=—0.91 22.
pol=-0.95 4.

I,=0.433 eV 96.

pol=-0.96 5.
pol=0.13 23.
pol=-0.99 3.
pol=-0.89 6.
pol=-0.88 6.
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4,
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“Ca(pol 1,Y),(1,Y) 20111501

Level Scheme

Intensities: Relative photon branching from each level

E AR 9898.2
E 9814.1
E 9664.9
E 93172
- 92735 1.5fs
| 2 9148.4
E —peS 9024.1
1 e 8908.8 0.5 fs
- Ffo—s 88515 1.0fs
—os 8828.0 1.1 fs
- T 8802 16 fs
5 T 86152 33fs
- e 8556.7  3.4fs
1 oS 84054 0.6 fs
. B 83953 2.4 fs
1 7 Qog}; V\*QQ’@ 8321.5 13.7fs
i e 80860 3.1 fs
. > é";’\f“%; Q\*QQ 8070.2  3.1fs
i — &~ \\*QQ 7953.1  2.4fs
- o 020'0;"«\*@ 7834.7  4.4fs
1 NS SR 78288 8.9 fs
= T & 7808.9 116 fs
E N 77833 6.1 fs
E IS 7662.1 6.7 fs
o NN 75789 0.7 fs
- o S 7572.0  3.8fs
1 ° 7403.0  54fs
1 7275.1  2.7fs
1 72260 4.1 fs
1 70659  39fs
] 6972.14 0.7 fs
1 6960.7 8 fs
1 667544 6.5 fs
l 6507.1 4.8 fs
= 2656.7
- 1883.49
= 1157.06
0+ )
30Cay
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440,
20Cay,-6

#“Ca(pol 1,Y)(1r,Y) 20111501

Level Scheme (continued)

Intensities: Relative photon branching from each level

6446.6

6422.12

6245.5

6136.6

6082.8
5911.13
5875.82
5806.31
5800.61

5611.6

5210.0

5161.0

4865.9

4848.39

2t

3301.1

2+

2656.7

ot

1883.49

2+

1157.06

ot

44
20Cay,

8.4 fs
0.3 fs
12 fs
1.8 fs
3fs

2.7fs
6 fs

33fs
16 fs

2.1fs

0.228 eV 40

3.7fs

6.2 fs
24 fs




440, 44
50Ca,, -7 From ENSDF 20Cay,-7

#“Ca(pol 1,Y),(1,Y) 20111501

Level Scheme (continued)

Intensities: Relative photon branching from each level

$
g $
N %
& S S N »
1 Y & 0§ S T E o 4649.46 11 fs
> ; o T L

1 R R S8 4196.3 44 fs
1 SRS MR = 3691.7 66 fs
! s 366150 83 fs
3 — 3307.8

+

2 $ ¥ 33011

2+ 2656.7

N
o+ o 1883.49
$
2+ ~ 1157.06
0 0
44
20Ca
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